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Summary 

The envelope gene of HTLV-III, the retrovirus directly 
linked lo AIDS, encodes a protein of 656 amino acids. 
Our sequence analysis of the cloned HTLV-ITl (HXB-3) 
etiY gene and lis comparison with other Isolates reveal 
significant divergence, especially In the external por- 
tion of this protein. A large segment of the env gene 
(1800 bp) was inserted Into the expression vector pEV- 
vrf3, and a corresponding 66 kd protein, which encom- 
passes both the extracellular and the membrane*as3o* 
ciated regions of the native protein, was produced In 
E. coll. Several smaller polypeptides, which appear lo 
be Internal Initiation products, were also produced. All 
50 AIDS patient sera obUlned from different locations 
in the United States specifically recognized the bac- 
terial ly synthesized envelope proteins, as judged by 
Western blots* This suggests that these proteins will 
be useful for the diagnosis of HTLV-III Infection and 
possibly as a vaccine against AIDS* 

Introduction 

A retrovirus termed HTLV-lll. LAV, or ARV-2 has been iso- 
lated from cultured T cells of several patients with ac- 
quired immune deficiency syndrome (AIDS) or from white 
blood colls of persons at risk for the disease (Barr6- 
Slnoussi et al., 1983; Gallo ei al.. 1984: Levy et al.. 1984; 
Monognier et al.. 1964; Popovic ei al.. 19ft4: Samgadha- 
ran Gl al., 1984). The virus can be propagated in an immor- 
talized human neoplastic cell line (HT) and in several 
clones of this cell line (Popovic et al., 1984). Seroeplde- 
mlological assays using this virus showed a close correla- 
tion between AIDS and antibodies to HTLV-Ill antigens 
(Galk) et al.. 19B4: Sarngadharan et al.. 1984; Schupbach 
et al., 1984). In addition, nearly 85% of patients with 
lymphadanopaihy syndrome and a significant proportion 
of asymptomatic homosexual men in AIDS endemic areas 
also carry circulating antibodies to'HTLV-iii. All these data 
implicate HTLV-in as the etiological agent for AIDS. The 
need for sensitive and rapid methods for the diagnosis of 
AIDS and for its prevention by vaccination lo relieve the 
current global spread of this disease is clear. Toward this 



end. we have expressed a large segment of the HTLV-lii 
env gene in E ooli. and In this report, we demonstrate the 
utility of the em' proteins made in bacteria for detecting an- 
tibodies to HTLV-III in sera obtained from AIDS patients. 

Results 

Molecular Cloning and Nucleotide Sequence 
Analysis of the HTtV-lII Pfovlral Genome 
The integrated proviral genome of HTLVHII was recenify 
cloned Irom the genomic DNA of H9 cells infeaed with 
HTLV-Ill (Shaw et al. 1984). Since the HTVMW provirus 
was found to lack Xba t reslridion sites, a genomic library 
was constructed using Xba I digested H9/HTLV-11I DNA. 
Screening of this library with HTLV-III cDNA probes 
yielded several clones, one of which, termed HX6-3 was 
used in the present study. The complete nucleotide se- 
quence of the proviral genome has been determined in 
our lab (Reddy. unpublished data). The sequence o! other 
isolates has recently been reported from other laborato- 
ries (Ratner ei al., 1985; Sanchez-Pescadov et al.. 1985: 
Wain-Hobson et al., 1985). The nucleotide sequence of 
the envelopp gene used in the present study is shown in 
Figure 1. The open reading frame encoding the env gone 
Is 863 amino acids long and contains an ATG codon al the 
eighth position from the 5' end of the reading frame. II ihis 
ATG were used as the initiator codon, the opening read- 
ing frame would code for a 97,200 dalton protein. The se- 
quence agrees well with the recently published sequences 
of iwo other HTLV-III, LAV, and ARV-2 sequences. The 
predicted produci of the env gene shares many features 
in common with the envelope gene products of other retro- 
viruses. The amino terminus contains a shori stretch of 
hydrophobic amino acids (16-29) that constitutes a poten- 
tial signal sequence. Also common with other retroviral 
envelope proteins is the presence of putative processing 
siles (504-511) in the middle of the proiein that separate 
the extracellular polypeptide from the membrane-bound 
portion. The latter includes a hydrophobic transmem- 
brane segment (667-705) followed by a hydrophilic anchor 
sequence (725-746). The HTLV-III envetope precursor 
differs from the other retroviral env precursors in that it 
contains an additional stretch of 180 amino acids at the 
carboxyl terminus. 



Polymorphism within the Envelope Regions 
of AIDS-Assoclaled Viruses 
The recent publication of the nucleotide sequences of 
HTLV-III. LAV. and ARV-2 (Ratner et al., 1985; Sanchez- 
Pescadov et at.. 1985; Wain-Hobson et at., 1985) allows a 
detailed comparison of these various isolates obtained 
from AIDS patients from different parts of the world. HTLV- 
III clones were isolated from lymphocytes of an AIDS pa- 
tient on the east coast of the United States, ARV-2 was iso- 
lated from a patient in California, and LAV was isolated 
from a patient in France. A comparison of the sequence 
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Rgu'e 2. Sequence Comoartson ol AIDS Reiroviisi isofatea 

Amino 960 seooences of me five reiroviQi i«ia.es are aligned w gJv, m*ximum homoiogY. (-) uitJicaiej deletion of oa« emino add. An ompiy wco 
^noTelS^m ^^^^ sequence. A, m: (X Cys: D. Asp; E. Glu: f. Phe; G. 6.y; H, Hi.: 1. ..o- K tys: L. Uu: M. Mel; n. a,«: P. Pro: 0. G.n: 
R. Ai^: & S«r: T. Thr: V. VJl; W, Tirp. Y. Tyr. 



daia confirms Ih© earlier obsetvartons made using resiric* 
lion enzyme site analysis, which showed approximalely 
10% variation (Shaw ei al.. 1984). The present analysis in- 
dicates that Ihe various isolates show the greatest conser- 
valion In the gag and pot regions (data not shown), while 
they most diverge in the env region. A comparison of the 
four env pnDlein sequences, as deduced from their nucjeo- 
tide sequences, is presented in Figure 2. As shown In Fig- 
ure 2, the ARV-2 protein differs most drastically from ihe 
other three sequences. Within the env region, the highest 
level of divergence is in the extracellular portion of the 
protein. 

Conetrucllon ol Becierlal Expression Plasmlds 
(or the Envelope Gene 

Segments of the HTLV-llI env gene were expressed in E. 
coli by inserting restriction fragments isolated from the 
cloned provira) genome into the versatile ppV-vrf (variable 
reading frame) expressioo plasmids (Crowl et al., 1935). 
These plasmids are derjratives of pBR322 that contain 



iha phage lambda promoter, a synthetically-derived 
ribosome-binding site, and convenient cloning sites (Eco 
Bl Bam HI. Cla 1. and Hind 111) jusl downstream of the initi- 
ation codon. A set of three pEV-vrf plasmids was con- 
' strucied to accommodate all three iranslational reading 
frames. The P,, promoter is regulated by a temperature- 
sensitive cl repressor encoded on the compaiible plasmid 
pRK246clls (Bernard and Helinski, 1979). These expres- 
sion plasmids have been used to produce substantial 
amounts of several heterologous proteins in E, coli. in- 
cluding v-bas p2l (Lacal et al.. 1994) and murine 
inter1eukin-1 (Lomedlco et al., 1984). 

The coding sequences for amino acid residues 44-640 
of the env protein are located between the Kpn I and the 
Hind 111 sites on the restriction map shown in Figure 3. 
Aside from the location ot these convenient restriction 
sites, these sequences were chosen for bacteriaJ expres- 
sion experiments because they did nol include the amino- 
terminal signal peptide or the hydrophobic transmem- 
brane segment at the carboxyl end. These sequences 
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Rgure 3i ConsirwClton o* irt P6V;env44-€40 Expression Piesmidj 

(Upper left) a simptiried restriction si'i9 map of ihe 3l15 kb Eco RiOCrto i Stigmeni ol ih« HTLV-IJi genoma m\ comatA^ the «ov codir^ r«gion (cro$$< 
hatched arrow). (Rtgru) Struciure and pertinent sequences Ql the pEVvrl playnlds. The solid black rv^ion repreaems the synthetic ribosome 
binding eiie soqvences upstream ol the ATG initiation codon (owerlined). See Ejcperlmenia) Procedures lor a oeialted oescrtptioo of the ewexpression 
plasmio constructions. 



were excluded to avoid possible loxiciiy problams thai car) 
occur when hydrophobic proteins are overproouced in 
bacterial celts. To construct an expression plasmid that 
would direct the synthesis -of this segment of the en;/ gene 
product (designated pEV/env 44-640). an intermediate 
construction was first made by inserting a 2400 bp Eco Rl- 
Hind III fragment between the Eco Rl and Hind lit sites in 
the pEV-vrl plasmlds. The HTLV-lll sequences (600 bp) 
between the Eco Rl and the Kpn I site were then removed 
from (he intermediate construction as shown in Figure 3. 
These ptasmid constructions were carried out with all 
Ihree pEV*vrf plasmids so that subsequent deletions 
could be made and the correct reading frame could be 
maintained. In addition, the constructions made in the in- 
correct reading frames served as important controls in the 
expression experiments described below. A second set of 
expression ptasmids was made in a similar fashion by 
deleting sequences between Eco Rl and Stu 1 sites, which 
occur 463 bp downstream to the Kpn I site in the en/ gene. 
Again, these deletions (designated pEV/env 205-640) 
were made in an three reading frames. The translation ter- 
mination codon used In all of the env expression plasmlds 
is presumably an inframe TAA located 23 bp downstream 
of the Hind lit site in the plasmid. Thus, eight amino add 
residues at the cartx)xyi terminus are encoded^y pBR322^ 
sequences. 

Cultures of E. coli containing the env^ e/pression plas- 
mids were grown and induced as describ^ in Experimen- 



lat Procedures. The bacterial proteins were resolved by 
SOS-polyacrylamide gel electrophoresis, and the HTLV-III 
env proteins were detected by Western bloi analysis. The 
protein blots were treated with aniisera to HTLV-llI proteins 
isolated either from immunized rabbits or from AIDS pa- 
tients previously shown to contain high titer antibodies to 
HTLV-ltl antigens. This was followed by incubation with 
'3e|.l3beled Staphylococcus aureus protein A, washing, 
and autoradiography. Similar results were obtained with 
both sera except that human serum was found to contain 
much higher titers 01 anii*HTLV-ni antibodies and was de- 
void of all background reactivity with the E. coll proteins. 
For this reason, human antibodies were used in all subse- 
quent experiments. 

Figure 4 shows the pattern of reactivity of the env pro- 
teins synthesized in bacteria with anti-HTLV-tll antibodies. 
The open reading frame in pEV3/env 44-6^0 encodes a 
protein that should migrate as a 6*6 Kd band on ihe gel. In 
fact, a 66 Kd band Is observed in the lane corresponding 
to the induced cells containing p£V3/env 4^-640 (Figure 
4. lane C). However, in addition to the 68 kd band, proteins 
of 35 kd, 25 kd, and 17 kd. which specifically cross-reacted 
wilhantl-HTLV-lll antibodies, are synthesized. No HTLV-lll 
cross-reacting bands are evident in the uninduced control 
(Figure 4, lane b) or in a second negative conlrol sample 
(Figure 4. fane a) of Induced cells containing a ptasmid 
that directs the synthesis of the v-bas p21 oncogene prod- 
ua (t^cal et aL. 1984). The appearance of muhipte bands 
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Figure a. wesiefft Blot Analysis of e/v Cod«d Anilgens Produced in 
E. coii 

IbUi bactenel proteins were ie$olv«d by $OS>PaCE, «»ere eieciro* 
biolied onio a niiroceilulosd fitter, artd ent^ncoded proteins were oe* 
lectod by reading wiin hyman sera as described in E«penmenwi 
Procedures, (a) negative cor^trol. colls containing pJCL-EOO lp2lT) (La- 
CAi el aJ.. 1964) induced at 42^ for 2 hr; (9) uninduced coniroi, cenj 
containing pEV3/env4 4-6^0 mainiained at 30*C; (c) pEVa'Bnv44-640; 
(d) pEVt/env44-640; and (a) pEV3/env205-S40 induced ai 4J»C »0' 2 
hf. 



synihesized from the e/v gene sequences was an unex- 
pected result, Anoiher unexpecied result was ihe synihe- 
sis of env gene products from the plasmid (pEVl/env 
44-640) where the insert was placed in the wrong reading 
frame with respect lo the initiation codon immediately 
downstream of the promoter (Figure 4, lane d). In this 
case, a 63 kd protein is synthesized in addition to the 35 
kd. 25 Kd, and 17 kd proteins. These results could be read- 
ily explained by examining the nucleotide sequence of the 
envelope gene (Figure 1). About 1S5 bases downstream 
of the Kpn I site Is an ATC codon. Initiation at which could 
account for the 63 kd protein with env determinants pro- 
duced by the expression plasmid pEVI/env 44-640. Inter- 
nal translation initiation is also the likely explanation for 
the appearance of the 35 kd, 25 kd. and 17 kd proteins. 
ATG codons that are preceded by Shine-Dalgarno se- 
quences are found within the env coding region, and 
translation initiating al ihese sites would result in the syn- 
thesis of polypeptides of molecular weights consisient 
with those observed.' 

To lest the abo/o interpretation further, we constructed 
another deletlonlnutant In which the sequences between 



Kpn I and Stu I sites were removed. This expression plas- 
mid, which encodes a protein of 49 kd, contains Ihe cod- 
ing sequences from amino acid posltiorts 205-64a Analy- 
sis of the proteins induced in 6. coii harboring this plasmid 
verified that these cells synthesize a 49 kd protein in addi- 
tion to the 35 kd, 25 kd. and 17 kd proteins (Figure 4. lane 
e). We have aJso oonstructed an expression plasmid in 
which the promoter, without the synthetic ribosome 
binding site, was placed upstream of the 520 bp Bgl II- 
Hind III fragment coniaining the erTv codons 467-640; 
thus, the first infranf>e methionine codon downstream ol 
the promoter corresponds lo codon 475. This plasmid 
directs Ihe synthesis of a protein that comigraies with the 
17 kd band on a Western blot (data not shown). These 
results Indicate that sequences within the env gene can 
function as efficient translation initiation sites In E. coii. It 
is possible that these sites become accessible as reinitia- 
tion sites following premature termination because of 
ribosomal frameshifting. Such a mechanism has been 
well characierired for the case of the MS2 coat and lysis 
genes (Kastelein et al.. 1982). 

Screening of AIDS Patient Sera 
Because snti-HTLV-III antibodies are found in more than 
90% of Ihe AIDS patients, it was of interest to sea if the 
bacierially synthesized erw gene products could be used 
as diagnosiic tools for the detection of ihese antibodies. 
f=br lhis,4oiaI cell protein from an Induced bacterial culture 
was fractionated by SOS-PAGE and was transferred to a 
nitrocellulose filter. Strips of the filter containing trans- 
ferred proteins were reacted with lOOOx diluted human 
sera, and the antigen-antibody complexes formed were 
delected by incubation of the strips with '"Mabeled 
Staphylococcus aureus protein A followed by autoradiog- 
raphy. Prominent bands corresponding to reaaion of the 
antibody with the 68 kd, 35 kd. 25 kd. and 17 kd proteins 
were consistently observed when the serum used was 
from patients with AIDS, The results of one such assay 
with 18 human sera obtained from the east coast of Ihe 
United States are presented in Rgure 5A. No reaction was 
observed with sera from healthy individuals (Figure 5A. 
lanes 4. 5. 9. 11. and IS; Figure 58. lane 1) or from HTLV-U 
infecled individuals (Figure 5A, lane 1). AIDS patient sera, 
tested so far, derived from alt parts of the tJnited Stales, 
including California (Figure SB), were found to be positive. 

Discussion 

We have determined the nucleotide sequence of the 
HTLV-lll env gene and expressed a large segment of its 
product in E. coii as an approach to obtain specific pro* 
tains that could be used for the diagnosis of and vaccina- 
tion against AIDS. The recombinant protein contains 611 
amino acids and encompasses both the extracellular and 
the membrane-associated regions of the molecule. In ad- 
dition to Ihe 68 kd protein product, the bacteria also syn- 
thesize several smaller polypeptides that appear 10 T)e 
products of the envelope gene initiated at internal methio- 
nine codons. The baaerially synthesized proteins differ 
from the naturally occurring protein In several important 
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Figures. ReooonlUon ol BAderfttlfy Synihe- 
sized HTLV-ill Env6iop« G«ne Protfucta bf An- 
llbooles In AIDS Pationi Sen 
Dadertat tyuteo comalnlng recombinani enve- 
lopo pfoiotna were tutjeciM to Wssiern bloi 
enat)r»)s as tfescrrbed in Flfiura 4. indMdual 
strips w«r« Ihen bncubated wtih a lOOOx dVu* 
lion ol Indfvtdual sere followed by iratlment 
with ""Habeled prrteln A as Oescffeed in Ex- 
perimental Procedures. (A) Serum samples 
were taken from the foflOM^ng donorv: (lane i) 
donor lound lo be HTLV.t(4.| by EUSA ualng 
dlsnjpted virus: (lanes < S. 1 1. and 15) healthy, 
normal donora: (lar>es 2. a 8. a 10, 12. 13. 14. 
16^ 17. and 16) AIDS patient eera from the eaat 
coaat of USA. (8) Serum samples were from 
the fotiowlno donors; (lone 1) normal, neaithy 
donor: (lanee 2-16) AIDS patient oara coiiecied 
from Calllomla. 
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respects The bacterial products are smaller in size and 
are not modified after iranslalwn. The naturally occurring 
errv' gene produa, on the oifier hand, is extensively 
glycosylated and Is cleaved Into two polypeptides. Despite 
these differences, the data presented here demonstrate 
that these recombinant proteins are efficienlty recognized 
by human antibodies to HTLV-III. Two sets ol AIDS patient 
sera, one obtained from the east coast of the United 
States and the other from California, were used to test 
their reactivity against the recombinant proteins using 
Western blot analysis. Both sets of patient sera reacted 
with the polypeptides produced In bacteria to approxi- 
mately the same level, while normal sera or HTLV-I in- 
lected patient sera showed no reaaivily. These results 
strongly suggest that these recombinant e/rv proteins can 
serve as excellent diagnostic reagents for the detection of 
HTLV-III Infection. The results also suggest that these anti- 
bodies are directed against the protein backbone of the 
molecule rather than against the carbohydrate moieties. 

There are two important advantages of using recom- 
binant env proteins, versus the viral protein, as a diagnos- 
tic reagent. The first is the economic feasibility of produc- 
ing large amounts of the protein in bacteria. 'Second. • 
unlike the viral preparations of the env proielrr. the recom- 
binant proteins would be devoid of any hui^an antigens 
that may reduce the reliability of such a diagnostic test. 



Nucleotide sequence analysis of the envelope gene of 
HTLV-III has indicated that it encodes a protein wiih a 
predicted molecular weight of 97 kd . Comparison of the 
four sequences published recently (including those of 
LAV and ARV-2) demonstrates that all ol these viruses are 
variants of ihe same' virus. Sequence analysis also con- 
firms earlier findings from restriction endonuclease map- 
ping (Shaw et al.. 1984) of the HTLV-III genomes, which 
showed a continuous spectrum ranging from dosely iden- 
tical to about 10% divergent among various isolates. The 
major coding regions of the erTv gene appears to have un- 
dergone greater divergence than those of the gag or po/ 
genes. With respect to the envelope gene, HTLV-III and 
LAV are more closely related to each other than to the 
ARV-2 clone. Approximately 3% divergence was observed 
between the HTLV-III (HXB-3) and LAV amino acid se- 
quences. However, among the three HTLV-III sequences 
(HXB-3. He-ia and BH-8). the divergence was 1.6%. Ap- 
proximately iTVo divergence was observed between HXB- 
3 and ARV-2 sequences, which was most pronounced in 
the extracellular region of the envelope protein. The ob- 
served differences in sequence probably reflea divergent 
evolution of strains separated In linrte and geography. 
ARV-2 was recently isolated from the west coast of the 
United States. The HTLV-III isolates for which nucleotide 
sequences have been determined were all obtained from ' 
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the east coas! ebout one yea/ earlier LAV was obtained 
from a patient In France at aboui the same lime. Regard- 
less of the reasons, the lact thai such divergence can oc* 
cur. and lhaiH is more pronounced in the extracellular por- 
tion ol Ihe envelope protein, is an important considofation 
In the design of both diagnostic reagents and possible 
vaccines. 

01 Ihe AIDS patient sera (50 individual samples, 25 de- 
rived from the east coast and 25 derived from California) 
tested so far. 100% showed high reactivity with Ihe recom- 
binant pmteins. These data suggest that mere may be 
conserved epitopes within the erw protein ol various iso- 
lates against which the immune system can mount an an- 
tibody reaction. Sequence analysis ot additional variants 
of HTLV-lll. such as those isolated from Haitian patients 
(fl. C. Gallo. personal communication), should help to de- 
fine these conserved epitopes which could. In turn. lead 
to a better understanding of the evoluiion ol this virus. An 
extensive survey using our recombinant proteins and 
several hundred patieni sera derived from all over the 
world is currenlty in progress, li should yield more valu- 
able intormation concerning the epidemiology of this le- 
thal disease. If the notion that Ihe human immune system 
can mount a response against conserved epitopes ol the 
envelope molecule is correct, ihe observed divergence 
between the various isolates of HTLV-lll may noi pose- a 
serious problem for ihe use of the recombinant protein as 
a vaccine. The 68 kd protein described here may be 
ideally suited for such a purpose since it encompasses a 
large portion of the gene product and has the important 
feature ol coniaining both the extracellular hydrophilic re- 
gion and the membrane-associated hydrophobic region. 
We Surmise that Ihe i7 kd protein observed in our Western 
blois contains residues 475-640 (initialing at the methio- 
nine codon at 475). which would include the membrane- 
associated segment ol the err/ protein. II is interesting lo 
note that ihis region is much less divergent among the var- 
iants compared in Figure 2. In faa, of the few differences 
between HXB-3 and ARV.2 within this region, most of the 
changes are consen/ative ones. Thus, we believe thai this 
region contains a highly consen/ed epitope thai may pro- 
vide the best possibility as a wide-range diagnostic 
reagent. 

Cxp«rtm«niat Pfoc«dufi« 

Mol«cul«r donlng and NucleollUo Sequence Analyeli 
Th« lni«9rel&d pfovlral Qftnome ol HTLV-lll was recemly cloned (rom 
Iho j«0O*pJc ONA of Hfi cells Infeded wilh HTLV-IH (Shaw et al. l9S4). 
Tha pfovimi genome inai was obiainad by using Xba l-dtgasied 
H9/HTLV-III ONA contained Iwo iniarnal Eco Rl allea within ine viral 90- 
nomo and iwo addiOonal sitas in the cloning vecior Ul. Thesa sitae 
were used for lurihof wOdonlng iha thrae ONA Iragmonis el SS kb, 
AS kb. and 1.1 kb Into p6A322. Nudeolida aaquence anaiyii* o< the 
provlral genome was dewrmlned by m chemical deflradoiion mwa 
of Mwam end Glibea 0980). For iha sequence analysis. ONA inseftfl 
from me mro« subclones were IsoJated by elecuoolution end were lur- 
(her cleaved wJ^happropriaie reslriciionen2ymes. The ONA (ragmertts 
were labeJed « ir»elr S' ends, wiih r-»P-ATP using poiynucleotloa Ki- 
nase or 81 Ihelf 3'ends with <|J»P*NTP by lining in with the Klonow Irag. 
mem of ONA po'^eraae I. The ONA Iragirjenta labeled at ihe t*o 
ends were cleaved with a second enzyme, and ihe Iragmems labeled 
ai a single and were pufifteb on 5% acrylamide ^% and were used 



lof aequence ansryeta. For the sequence analyala o( the eov gene, a 
ahagun approach was ueed whofe (he 45 Eco Rl fragmem was 
deaved wlih one ol the foUowtng entymea: Dgi II, Hind III. Xho I. Ave 
11, Hint I. and Sau SA. The reitrtdion Iraoments were tabeted and se* 
Quenced as deecrtoed aoove. 

Elpreaalon Pliamldi 

Exprasalofl plasmlde pEV^if \ 2. and 3 have been described (Ccowl 
ei Bl.. leaS), For the expression of ihe HTUAtll em«tope get\e. 1 ,19 
ol a 2400 bo Eco ni41lnd HI ONA Iragment, which was tsolaied Ifom 
Ihe ctof*ed HTLV-m provlra) genome by preparailve agarose gel eiec- 
Uophores»8. waa mixed wim 0.1 mQ of Eeo Rl-Hlnd Hl-digested vector 
ONA tpEV-vrl 1. 2, or 3). Afler heeibig « 6S<K: tor 3 mm. the miituf ee 
were chilled on ice. end 20 nl Sgailon reaaiorts were assembled, con- 
iaining SO mMTfi8-HCi(pH7>i). lOmMMga,. lOmMCTT.OJmMATP. 
and 200 unlio of T4 DNA llgase. Alier Incubaiion ai 1S*C lof 4 hr, the 
reacUona ivere lerminaied by heaitng at 65^ lor S mm. The llgalion 
products were used to IranslOfm E. coli airain MC1061 tpRK248cflfi). 
Translormania wo^e seieaed on L8 agar eontalnk^ 50 nO^mt empidtlln 
81 30^ for 18 hr. Isolates comalntng lha expected plasmid consinic 
Ifoos were Idontiried by lesirlcUon analysis. These iniermediaie con- 
structiona «»ere ihen used lo mai^e pEVi. 2, and 3tenv *i-640 by oetel- 
'.ng Ihe eoo bp between the Eco Rl and Kpn I siiea as doscnbed beiow. 

Approdmately 05 otasmld ONA was digested wkh Kon I and Eco 
Rl. The reflutiiofl lerrnvxl were Ihen treaied with the Klenow fragment 
Of ONA polymerase I (n the presence of all lour deoxyribonudeoildes 
(at 100 |iM) at 37^ for 30 mai. Th^ eiep rasulte in nilHftg.irr ol ihe 5' 
Overhang of the Eco Rl terminus and in removing the 3* overhang ol 
Ihe Kpn ( terminus. Upon recifcuterizetlon ol the rtnear plaamid and 
blun^end ligation o* these termini, an Eco fli siie Is regen waiad. •frans- 
lormants conialniig piasmifk wlih the expected deletion were idenil- 
Had by resirld>on ansiyea. 

A second sol of deletion defivaiives. designated pEV^erv 20S-€40 
was consifuded in » similar fashion, A port^n of the i;neaf plaamid 
that had been dig^ted with Eco Rl aAO Kpn I and treated with Klenow 
(see 8bow9) was lurtner digested wlih Stu I. Again, upon redfcvlaf ita- 
tion and blunhend bgailon the Eco Rl jite was regeneraied: however, 
an addiiionat 483 bp oi cm cooing sequences «^fe removed. 

aaclerlal Growth and Induction of anr Gene Expression 
Cultures of E. coli MClO€l (Casadaben and Cohen. 1960) containing 
pflK24echs arvj the «w expression pJasmids were gre^n in M9 
medium containing 05% glucose and 05% C3samtf\o acids at 30»C 
to midiog phase. The cultures we/e divkJed and were eltnef mainiainod 
ai 30*C Of transferred to to derapress the Pl promoter. .Alter 2 
10 3 h/ ai 42«C. Ihe cultures were chilled on lea, and Die cells wars coi. 
iflciec-iy centflfwgation and processed as desaibed below. 

Potyscrylemlde G«l Etactiophoreala and 
'Western Biol An«)yili 

Ceil pellets (epprcsimately 1O* cel«) were reeuspendeo in TS buffer 
(to mM Trie (pH 7.4) and 10% glycerol), mittd with an equal volume 
of 2 X sample bu"er (Uemmli. 1970), incubated at 95»C tor S min, and 
sub/ecied io SDSPaGE {Uemmli, igTO). For Western blot analyjia. 
m proteins from the acrylamloe gef were etectroblotted onto a O.i *im 
niwocelluiose membnne (Schleicher and Schueii) lor 16 hr ai 50 V. Jo 
125 rrxM Trts, 96 mM glycine. 20% meihanol, 001% SOS at pH 75. Pro- 
cessing of the blot «a» carried out using me methods de&crioed by 
Tbwfein ei ai. (1979). For treaimeni with the human sera, the blots were 
incubated with a iOOOk dilution of the sera In antibody ouMer (20 mM 
sodium phosphate buffer (pH 75) coniaining 05 M NaO. 1% eSA. and 
0i)5% T-een 20) to* 2-6 hr. The blots were then washed Nice with 
phoophaie-bullefod sahne containing Oj05% "R*een 20 and were In. 
cubated wim 't'l-iabeied Staphylococcus aureue protein A (w an addi- 
tlonal period of 1 hr. The blot was (hen washed twice in P&S-iWeen 20 
buffer, dr^ed. and autersdtographed. 
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